p-Alkyl-Benzoyl-CoA Conjugates as Relevant Metabolites of Aromatic Aldehydes With Rat Testicular Toxicity-Studies Leading to the Design of a Safer New Fragrance Chemical.
Several aromatic aldehydes such as 3-(4-tert-butylphenyl)-2-methylpropanal were shown to adversely affect the reproductive system in male rats following oral gavage dose of ≥ 25 mg/kg bw/d. It was hypothesized that these aldehydes are metabolized to benzoic acids such as p-tert-butylbenzoic acid as key toxic principle and that Coenzyme A (CoA) conjugates may be formed from such acids. Here we performed a detailed structure activity relationship study on the formation of benzoic acids from p-alkyl-phenylpropanals and related chemicals in rat hepatocytes in suspension. Formation of CoA conjugates from either p-alkyl-phenylpropanals directly or from their benzoic acid metabolites was further assessed in plated rat hepatocytes using high resolution LC-MS. All of the test chemicals causing reproductive adverse effects in male rats formed p-alkyl-benzoic acids in rat hepatocytes in suspension. Compounds metabolized to p-alkyl-benzoic acids led to accumulation of p-alkyl-benzoyl-CoA conjugates at high and steady levels in plated rat hepatocytes, whereas CoA conjugates of most other xenobiotic acids were only transiently detected in this in vitro system. The correlation between this metabolic fate and the toxic outcome may indicate that accumulation of the alkyl-benzoyl-CoA conjugates in testicular cells could impair male reproduction by adversely affecting CoA-dependent processes required for spermatogenesis. This hypothesis prompted a search for new p-alkyl-phenylpropanal derivatives which do not form benzoic acid metabolites and the corresponding CoA conjugates. It was found that such metabolism did not occur with a derivative containing an o-methyl substituent, ie, 3-(4-isobutyl-2-methylphenyl)propanal. This congener preserved the fragrance quality but lacked the male reproductive toxicity in a 28-day rat study, as predicted from its in vitro metabolism.